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Available online 11 December 2015Background: Lignocellulosic biomass is a renewable, abundant, and inexpensive resource for bioreﬁning
process to produce biofuel and valuable chemicals. To make the process become feasible, it requires the use of
both efﬁcient pretreatment and hydrolysis enzymes to generate fermentable sugars. Ionic liquid (IL)
pretreatment has been demonstrated to be a promising method to enhance the sacchariﬁcation of biomass
by cellulase enzyme; however, the remaining IL in the hydrolysis buffer strongly inhibits the function of
cellulase. This study aimed to isolate a potential IL-tolerant cellulase producing bacterium to be applied in
bioreﬁning process.
Result: One Bacillus sp., MSL2 strain, obtained from rice paddy ﬁeld soil was isolated based on screening
of cellulase assay. Its cellulase enzyme was puriﬁed and fractionated using a size exclusion chromatography.
The molecular weight of puriﬁed cellulose was 48 kDa as revealed by SDS-PAGE and zymogram analysis. In
the presence of the IL, 1-ethyl-3-methylimidazolium acetate ([C2mim][OAc]) concentration of 1 M, the
cellulase activity retained 77.7% of non-IL condition. In addition, the optimum temperature and pH of
the enzyme is 50°C and pH 6.0, respectively. However, this cellulase retained its activity more than 90%
at 55°C, and pH 4.0. Kinetic analysis of puriﬁed enzyme showed that the Km and Vmax were 0.8 mg/mL and
1000 μM/min, respectively.
Conclusion: The characterization of cellulase produced fromMSL2 strain was described here. These properties of
cellulase made this bacterial strain become potential to be used in the bioreﬁning process.
© 2015 Pontiﬁcia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved.Keywords:
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Lignocellulosic biomass1. Introduction
Lignocellulosic biomass, the most abundant biomass on earth,
has a great potential as renewable feedstock for bioreﬁnery processes
including biofuel production. It mainly comprises of three components
including cellulose, hemicelluloses and lignin [1]. Deconstruction
of lignocellulosic biomass to produce smaller molecules of sugars,
which are further used in fermentation process, is the key step
to determine the feasibility of the bioreﬁnery process. To overcome
the recalcitrance of lignocellulosic biomass, it needs the promising
pretreatment method to promote enzyme accessibility to substrate
and highly efﬁcient hydrolysis to produce fermentable sugars.
Also, to industrialize the bioreﬁning process, the susceptibility andn).
idad Católica de Valparaíso.
araíso. Production and hosting by Elcontinuity of pretreatment and hydrolysis process should be achieved
as much as possible to minimize the cost, resource and power
consumption required for the overall process.
Ionic liquid (IL) pretreatment has received the signiﬁcant attention
because it is green solvent to solubilize cellulose, and can be recycled
for many rounds of pretreatment [2,3,4]. Many studies demonstrated
that IL-pretreatment has advantages over other pretreatment
methods, including high monomeric sugar yields over short
pretreatment times, high deligniﬁcation, and low cellulase-inhibitor
formation [5,6]. Although, the economical viability of using
IL-pretreatment is still controversial, the techno-economic analysis
has been conducted and potentially suggested the strategies to
reduce the cost for an economical feasibility [7,8]. ILs have excellent
properties for pretreatment, one of their disadvantages is the
inhibitory effect that impairs or reduces the activity of cellulase or the
growth of microorganisms, such as Escherichia coli, Staphylococcus
aureus, and Saccharomyces cerevisiae [9,10]. Therefore, the intensivesevier B.V. All rights reserved.
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the pretreated biomass to hydrolysis. Several strategies with state of
the art have been developed to overcome the challenges of using
IL-pretreatment with the high efﬁcient hydrolysis in bioreﬁning
process, for example developing the enzyme that are tolerant to ILs
[11,12], identifying metabolic pathways or enzyme properties that
improve tolerance to ILs [13,14].
In bioreﬁnery processes of lignocellulosic biomass, a major challenge
for economical production is the high cost of cellulase enzyme
utilization [3]. Cellulase is an enzyme complex composing of three
enzymes namely cellobiohydrolase or exoglucanase, endoglucanase or
carboxymethylcellulase, cellobiase or β-glucosidase that synergistically
hydrolyzes cellulose into small molecules or monomeric sugars [15].
Several types of microorganisms including fungi and bacteria can
produce cellulase enzymes during their growth on cellulosic materials.
Fungal cellulases are currently the main commercial products in the
markets for many applications. However, bacteria are also potential
cellulase producers due to their high growth rate, high variation of
glycoside hydrolases because of their diversities in different extreme
niches [15,16]. In natural, deconstruction process of lignocellulosic
biomass or plant biomass is corporative functions of bacterial and fungal
species that accelerate the breakdown of substrates [17]. Therefore,
searching for cellulase produced from bacteria has possibility to
discover interesting enzyme properties that may be applied in
bioreﬁnery process. This study focused on the isolation of cellulase
producing bacteria from soil sample obtained from the local rice
paddy ﬁelds in Thailand. The identiﬁcation and characterization
of puriﬁed cellulase on different parameters were conducted
to understand its properties including enzyme kinetic and the
IL-tolerance ability for application in bioreﬁning process.
2. Materials and methods
2.1. Screening of cellulase producing bacterial strains
Soil samples were collected from the local rice paddy ﬁelds in
Ayutthaya province, Thailand. One gram of each soil samples was
resuspended and serially diluted in sterile distilled water. Then,
100 μL of diluted sample was spreaded on carboxymethylcellulose
(CMC, Sigma-Aldrich) agar plates (containing 0.5% CMC, 0.1%
NaNO3, 0.1% K2HPO4, 0.1% KCl, 0.05% MgSO4, 0.05% yeast extract,
1.5% agar) [18] and then incubated at 50°C for 48 h. A total of 200
bacterial colonies grown on agar plates were selected based on the
difference in morphology, size and color of the colonies. To screen
for cellulase producing bacterial isolates, 5 μL of each isolate was
dropped onto a CMC agar plate and was incubated at 50°C for 48 h.
To primarily observe the cellulase activity, culture plates were
ﬂooded with 0.1% Congo red solution for 15 min and washed with
0.1 M NaCl solution [18]. The diameter of the clear zone around
colony on CMC agar was measured with three replicates. Isolates
which had potential to degrade cellulose were selected based on
calculating hydrolysis capacity (HC), that is the ratio of diameter of
clearing zone and colony [19].
For secondary screening, ﬁve bacterial isolates that have larger clear
zone than positive control, Cellulomonas sp. (Thailand Institute
of Scientiﬁc and Technological Research (TISTR)) culture collection
No. 368, Thailand were selected to test for ability to degrade CMC
substrate in solution. 100 μL of each selected isolate was transferred
to 10 mL of fresh CMC broth media, and cultures were incubated at
50°C for 48 h in a rotary shaker. The crude cellulase enzyme from
supernatant fractions was collected by centrifugation at 8000 rpm for
10 min. Two types of cellulose substrates, ﬁlter paper (Whatman
No. 1) and CMC, were added into crude cellulase enzyme (2% w/v)
and the mixtures were incubated at 50°C for 2 h, then the amount
of reducing sugar was measured by using dinitrosalicylic (DNS)
assay [20]. Enzyme activity of cellulase was deﬁned as the amountof enzyme that released 1.0 μmoL of reducing sugars (measured as
glucose) per mL per minute at experimental condition [21]. Protein
concentration was measured by using Bio-Rad protein assay kit
(Bio-Rad Laboratories Ltd.). All experiments were performed with
three replicates.
2.2. Molecular taxonomic identiﬁcation and sequence analysis
Bacterial isolate, MSL2, was grown in nutrient broth at 50°C for 24 h
in a shaking incubator at 200 rpm. Bacterial cells were harvested by
centrifugation at 8000 rpm for 5 min and DNA was isolated from
these bacterial cells as described in our previous study [22]. The
genomic DNA was used as a template in a PCR reaction to amplify
a fragment of the 16S rDNA gene. The Universal primers (27 F
(forward): 5′ AGAGTTTGATCM TGGCTCAG 3′ and 1429R (reverse):
5′ GGTTACCTTGTTACGACTT 3′) were used [23]. The puriﬁed PCR
products were submitted for DNA sequencing. The sequencing
results were individually aligned into the nucleotide BLAST tool via
the National Center for Biotechnology Information (NCBI) database to
identify the possible genera of the isolates.
2.3. Enzyme production, puriﬁcation, and identiﬁcation
MSL2 isolate was cultured in 1 L of CMC broth and incubated at 50°C
for 48 h in a shaker incubator. The culture was centrifuged at 8000 rpm
for 20 min at 4°C and supernatants were collected as crude cellulase
enzyme. Ammonium sulfate salt was added into crude cellulase
enzyme to achieve 80% saturation. The mixture was left overnight
at 4°C. Pellet was collected by centrifuged at 10,000 rpm for 20 min
at 4°C, and dissolved in 10 mL of 50 mM sodium phosphate
buffer (pH 5.0) for dialysis using Float-A-Lyzer dialysis membrane
(Spectrum Lab) with 10 kDa MWCO. Dissolved pellet was dialyzed
against 50 mM sodium phosphate buffer (pH 5.0) at 4°C with three
changes of buffer. The dialyzed protein was concentrated by using
Vivaspin-500 column (GE Healthcare Life Science). The concentrated
protein was applied to a Sephacryl S-100 column (16 × 600 mm;
HiPrep 16/60 Sephacryl S-100 HR, GE Healthcare Life Science)
equilibrated with 50 mM sodium phosphate buffer (pH 5.0) at a ﬂow
rate of 0.2 mL/min. Each eluted protein fraction was collected
separately and subjected to test for enzyme activity with different
substrates. The amounts of reducing sugars that are the products of
enzyme hydrolysis were measured using DNS assay or Glucose
Oxidase assay kit (Megazyme). The active cellulase fractions were
pooled together and concentrated again by the Vivaspin-500 column.
Concentrated cellulase fraction was analyzed by 12% gel SDS-PAGE
to determine the molecular weight. Concentrated cellulase fractions
were loaded to 12% gel SDS-PAGE (containing 1% CMC) for zymogram
analysis. Then, SDS was removed by soaking the gel in wash buffer
(containing 30 mM sodium phosphate buffer and 40% isopropanol
(pH 7.2)) for 1 h. The gel was soaked in equilibrated buffer
(containing 30 mM sodium phosphate buffer (pH 7.2)) for 1 h, and
transferred into renaturing buffer (containing 30 mM sodium
phosphate buffer, 5 mM β-mercaptoethanol and 1 mM EDTA
(pH 7.2)) at 4°C overnight. The renatured gel was stained with 1%
congo red solution for 15 min, and washed with 1 M NaCl solution.
The band of active cellulase was seen as a clear zone against
background and was cut to be analyzed by LC-MS/MS analysis
at Biomedical Laboratory Center, Khon Kaen University, Thailand.
Proteins in the selected bands were in-gel digested by Trypsin
(Promega). Digested peptides were analyzed with a nano-liquid
chromatography system (EASY-nLC II, Bruker) coupled to an ion trap
mass spectrometer (Amazon Speed ETD, Bruker) equipped with an
ESI nano-sprayer. Peptide sample was loaded onto an C18-A2
EASY-Column (10 cm × 75 μm × 3 μm) (Thermo Scientiﬁc) using a
ﬂow rate of 300 nL/min and linear gradient from Solution A (0.1%
formic acid) to 40% of Solution B (0.1% formic acid in acetonitrile) in
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control the ion trap device. LC-MS/MS spectra were analyzed using
Compass Data Analysis v.4.0. Protein identiﬁcation was performed by
searching against the protein database from Bacteria (Eubacteria)
using MASCOT program.
2.4. Characterization of cellulase and observation of IL-tolerant property
The optimum temperature and pH of the puriﬁed cellulase of MSL2
isolate were determined, by varying reaction temperatures from 30 to
70°C, and pH from 2 to 10. To test the effect of pH, each reaction was
performed in appropriate buffer (containing 2% w/v of CMC) that
adjusted pH to tested condition (2.0–6.0, sodium acetate; 6.0–8.0
sodium phosphate; 8.0–10.0 Tris–HCl). The reactions were set up at
50°C. To test the effect of temperature, each reaction was performed
in 30 mM sodium phosphate buffer containing 2% w/v of CMC at pH of
6.0. After 2 h incubation, each reaction was stopped by heating at
100°C for 5 min; amounts of reducing sugars were measured by using
DNS assay.
Enzyme kinetic parameters (Km and Vmax) of the puriﬁed cellulase
were calculated by determining initial reaction velocity of the enzyme
at various concentrations of substrates (0.562–18 mg/mL, with 10 min
reaction time) and then plotting 1/[S] versus 1/[V] in Lineweaver-Burk
plot. To investigate the IL-tolerant properties of puriﬁed cellulase,
0.5 M and 1.0 M of 1-ethyl-3-methylimidazolium acetate
([C2mim][OAc]) (Sigma-Aldrich) were added into each reactions. The
reactions were performed in 50 mM phosphate buffer (pH 6.0) at
50°C for 1 h. The same volume of puriﬁed cellulase of MSL2 (11.75
CMCase-U/mL) and CelluClast 1.5 L (72 FPU/mL) were mixed with
various concentrations of CMC substrate. The amounts of reducing
sugars were quantitated to determine the reduction of enzyme
activity by comparing with no-IL reaction. All experiments were
conducted in triplicates.
3. Results
3.1. Screening and identiﬁcation of cellulase producing bacterial strains
Among the total of 200 isolates, ﬁve isolates (MSL2, MSL8, MSL141,
MSL142, MSC2) that generated the largest clear zone and showed
the highest hydrolytic capacity (HC) value on CMC agar plate than
Cellulomonas sp. were selected for the secondary screening of cellulase
enzyme activity (Table 1). The HC values of these 5 isolates ranged
from 1.90 to 2.50, and MSL2 isolate had the biggest radius of clear zone
and highest of the HC value. The crude cellulase enzymes collected
from supernatant fractions of 5 bacterial isolates were mixed
with 2 types of cellulose substrates, ﬁlter paper (FP) and CMC. The
speciﬁc enzyme assay for cellulase activity ranged from 0.158 to 0.264
U/mg-protein for FPase and 0.285 to 0.572 U/mg-protein for CMCase.
MSL2 isolate showed the highest FPase of 0.264 U/mg-protein, while
MSL141 revealed the highest CMCase of 0.572 U/mg-protein.Table 1
Enzymatic activities in selected bacterial isolates from the primary and the secondary
screening.
Isolate
number
Maximum radius
of clear zone (mm)
Average
HC value
Crude enzyme
speciﬁc activity
(U/mg-protein)
FPase CMCase
MSL2 12 2.5 0 ± 0.11 0.264 0.566
MSL8 9 1.90 ± 0.23 0.208 0.285
MSL141 9 2.05 ± 0.14 0.220 0.572
MSL142 10 2.33 ± 0.27 0.158 0.402
MSC2 10 1.74 ± 0.22 0.162 0.303
Cellulomonas sp. 8 1.72 ± 0.15 N.D.a N.D.
a N.D. is not determined.Based on the results of primary screening and secondary screening,
MSL2 isolate was selected for further study because it had the highest
cellulase activity. To identify the MSL2, a fragment of 16S rDNA was
generated and sequenced. The sequencing result was aligned online in
the nucleotide BLAST tool through the (NCBI) database to identify the
possible genera of the isolates base on homology. From BLAST search
results, MSL2 isolate has 97% homology to 16S rDNA fragment of
Bacillus sp. CMJ2-5 (Accession number KC119109.1). Then, 16S rDNA
sequences of MSL2 were deposited in NCBI database with an accession
number KR732274.1.
3.2. Enzyme production, puriﬁcation, and identiﬁcation
Crude cellulase enzyme of MSL2 was fractionated by using
size-exclusion chromatography. Each eluted fraction was separately
tested for cellulase activity by mixing each fraction with different
types of substrates including CMC, Avicel and cellobiose (2% w/v)
(Fig. 1). Enzyme fractions with positive-cellulase activity were
collected for subsequent experiments. The positive fractions numbers
were 10–14, 5 and 8 from the hydrolysis of CMC, Avicel and
cellobiose, respectively. For the fraction 10–14, they were pooled
together. To determine the cellulase activity to speciﬁc substrates,
each selected enzyme fraction was mixed with speciﬁc substrate0
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Fig. 1. Chromatogram of cellulase from MSL2 isolate on size exclusion chromatography
(HiPrep 16/60 Sephacryl S-100 HR, equilibrated with 50 mM sodium phosphate buffer
(pH 5.0) at a ﬂow rate of 0.2 mL/min). Hydrolysis products of three types of substrates
were measured, (a) CMC substrate by using DNS assay with absorbance at 540 nm
(A540), (b) Avicel substrate by using DNS assay with absorbance at 540 nm (A540) and
(c) cellobiose substrate by using glucose oxidase assay with absorbance at 510 nm (A510).
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Avicel and fraction No. 8 with cellobiose). After 2 h reaction, reducing
sugar and glucose contents in each reaction was quantitated and
calculated for cellulase activities. Here, the speciﬁc activity of CMCase,
Avicelase, cellobiase activities was 5.413, 4.765 and 1.151 U/mg-protein,
respectively. However, it was also observed that, in 1 L culture, MSL2
produced larger portion of cellulase as CMCase enzyme (20 mL of
fraction Nos. 10–14 with total CMCase activity 1.624 U/L-culture).
On the other hand, the Avicelase and cellobiase were produced in much
less proportion (4 mL each for fraction No. 5 and No. 8 with 0.032
and 0.0087 U/L-culture, respectively). Therefore, the CMCase was
selected for subsequent studies including enzyme characterization and
IL-tolerance property.
To identify the CMCase enzyme in puriﬁed sample, pooled CMCase
fraction (Nos. 10–14) was concentrated, then analyzed by SDS-PAGE
and CMC-zymogram to estimate protein molecular size (Fig. 2). In
SDS-PAGE analysis, there are 3 major bands (with ~65, 48 and 40 kDa
size) visualized in the gel. Likewise, CMC-zymogram analysis revealed
that a 48 kDa-sized protein band showed clear zone indicating the
CMCase activity. Based on SDS-PAGE and CMC-zymogram analysis, the
fractionated CMCase enzyme produced from MSL2 was demonstrated
to have molecular weight about 48 kDa. Then, this 48 kDa-sized band
was excised from SDS-PAGE gel and subjected to trypsin digestion and
the peptides were sequenced by LC-MS/MS analysis. The results of
MASCOT search indicated that these partial amino acid sequences
were 21% homologous (Score: 595 Matches: 24(6) Sequences: 8(4)
emPAI: 0.37) to the endoglucanase of Bacillus amyloliquefaciens
(Accession: gi:696282038) (Fig. 2).
3.3. Effect of pH and temperature on cellulase hydrolysis efﬁciency and
kinetic analysis of puriﬁed cellulase
In this section, the optimum pH and temperature for the working
condition of puriﬁed CMCase which allow to obtain the highest
amount of reducing sugars from hydrolysis reaction were studied. To
ﬁnd the optimum pH of puriﬁed CMCase, the reactions (containing 2%
w/v of CMC) were set up at 50°C. The optimum pH of puriﬁed
cellulase of MSL2 was pH 6.0 and the enzymatic hydrolysis efﬁciency
retained more than 80% over the range of pH 4.0–7.0 (Fig. 3). The
enzyme hydrolysis efﬁciency greatly declined when pH was less than
pH of 4.0, however it retained more than 50% activity at pH of 3.0.
When pH of reaction increased to be more than pH 7.0, the efﬁciency
was gradually declined. The optimum temperature was 50°C at pH
of 6.0. More than 80% of the maximum hydrolysis efﬁciency was
observed between the range of 45–55°C. However, at 60°C the
hydrolysis efﬁciency still retained at 72% (Fig. 3).
The kinetic parameters Km and Vmax of the puriﬁed CMCase
enzyme were determined from Lineweaver–Burk double reciprocal
plots at 50°C and pH 6.0, using various concentrations of CMC
as substrate (0.562–18 mg/mL) (Fig. 4). The CMCase showed aFig. 2. (a) SDS-PAGE analysis and CMC-zymogram analysis of puriﬁed CMCase. Lane-Mmolecu
Lane 2 puriﬁed CMCase in CMC-zymogram gel. (b) MASCOT search analysis of partial amino
matched amino acids to the endoglucanase (Accession: gi: 696282038).maximum velocity, Vmax, of 1000 μM/min and a Michaelis–Menten
constant, Km, of 0.8 mg/mL CMC.
3.4. Effect of [C2mim][OAc] on puriﬁed cellulase of MSL2
Previously, the negative effect of IL, including [C2mim][OAc],
to the cellulase activity was demonstrated [5]. In this work, the
effect of [C2mim][OAc] on puriﬁed cellulase of MSL2 was observed
with comparison to commercial cellulase enzyme, CelluClast 1.5 L
(Novozymes) (Fig. 5). At high concentration of CMC substrates
(0.1–0.2 μM), cellulase activities of MSL2 and CelluClast 1.5 L were
reduced in the present of [C2mim][OAc]. The more of
[C2mim][OAc] concentration, the less of remaining cellulase
activity. At 0.2 μM of CMC concentration, the cellulase activities in
the reactions, which contained 0.5 M and 1 M of [C2mim][OAc],
retained 88.2% and 77.7% activity of control reaction (No-IL),
respectively. While the activity of CelluClast 1.5 L reduced to 85.7%
and 74.1% in the presence of 0.5 M and 1 M of [C2mim][OAc],
respectively. This result suggested that puriﬁed cellulase of MSL2 had
little higher tolerance to [C2mim][OAc] compared to the CelluClast
1.5 L. Interestingly, at lower concentration of CMC substrates (0.0125–
0.04 μM), the [C2mim][OAc] insigniﬁcantly showed negative effect on
the cellulase activity in both MSL2 and CelluClast 1.5 L. Basically, the
enzyme activity depends on the enzyme–medium–substrate
interactions. Many factors could affect the enzyme activity in IL
medium, for example anions of IL, the alkyl chain composition, IL
polarity, viscosity, and hydrophobicity [24]. In the case of hydrophilic
IL, including [C2mim][OAc], more water in the medium is needed
because hydrophilic IL tends to remove the water molecule from the
enzyme causing enzyme deactivation [25]. Additionally, CMC also
requires surrounding water molecules to let itself to dissolve.
Therefore, it is possible that, at low concentration of CMC substrate,
there is less competition between CMC and enzyme molecules to grab
water molecule. On the other hand, at high concentration of CMC
substrate, there are high competition between CMC and enzyme to
attract water molecules, and leads to the loss of enzyme activity.
4. Discussion
Cellulase produced from MSL2 was puriﬁed and fractionated
by using size exclusion liquid chromatography and ultraﬁltration.
Each fraction was tested for hydrolysis activities on three different
types of substrates including CMC, Avicel, and cellobiose. Previously,
these three types of substrates were studied and suggested to be
used as indicators for different types of cellulase enzymes. CMC, Avicel
and cellobiose are general substrates for endoglucanase, exoglucanase,
and cellobiase, respectively [15]. From the size exclusion liquid
chromatography, active fractions of endoglucanase, exoglucanase, and
cellobiase were eluted with different retention time or fraction
numbers indicating that MSL2 produced these enzymes with differentlar mass markers (BLUeye Prestained Protein Ladder, GeneDirex). Lane 1 puriﬁed CMCase.
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Fig. 3. Effect of reaction pH and temperature on cellulase hydrolysis efﬁciency of MSL2. Reactions were performed for 2 h at various (a) pH (2.0–10.0) and (b) temperature (30–70°C).
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fastest, then followed with cellobiase and CMCase, respectively. The
puriﬁed CMCase, Avicelase and cellobiase exhibited a speciﬁc activity
of 5.413, 4.675 and 1.151 U/mg-protein, respectively. However, in
terms of the volume and amount of each type of enzyme produced
from MSL2 culture, CMCase was likely to be the largest portion of total
cellulase. Therefore, only CMCase characterization was mainly focused
in this study.
A SDS-PAGE and CMC-zymogram analysis of puriﬁed CMCase
presented a protein band with signiﬁcant activity corresponding to
48 kDa (Fig. 2). This ﬁnding is consistent with the review of the
investigations on bacterial CMCase (35–57 kDa) [1,16]. The 48
kDa-sized band was subjected to analyzed by LC-MS/MS, and the
amino acid sequence of digested peptides were matched to
endoglucanase protein of B. amyloliquefaciens (gi: 696282038)
(Fig. 2). This result conﬁrmed that this puriﬁed cellulase active
fraction is CMCase (endoglucanase) enzyme.
The temperature optimum of puriﬁed CMCase was 50°C at pH of
6.0. The enzymatic hydrolysis efﬁciency was maintained with more
than 80% of the maximum efﬁciency over the temperature of 45 to
55°C and pH of 4.0 to 7.0 (Fig. 3). With this regard, the inﬂuence of
pH and/or temperature in the enzymatic hydrolysis within these
range is found to be little, so this cellulase may be exploited for
industrial usage. The kinetic parameters, Km and Vmax, of the puriﬁed
CMCase enzyme of MSL2 were determined from Lineweaver–Burk
double reciprocal plots using CMC as substrate at 50°C, pH 6.0 (Fig. 4).
The Km value of puriﬁed CMCase was 0.80 mg/mL and Vmax was
1000 μM/min, respectively. This Km value was lower than thosey = 0,0008x + 0,001
R² = 0,9101
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Fig. 4. Lineweaver–Burk plot of puriﬁed CMCase of MSL2.obtained in other endoglucanase isolated from metagenome studies
(Umcel5 (Km of 16 mg/mL) [26], C67-1 (Km of 37 mg/mL) [27]), and
other bacteria (Pseudomonas ﬂuorescents (Km of 3.6 mg/mL) [28],
Actinobacteria anitratus (Km of 4.97 mg/mL) [29]). This lower Km value
indicated that the puriﬁed CMCase from MSL2 had higher afﬁnity for
CMC substrate.
The IL tolerance property of puriﬁed CMCase ofMSL2wasmonitored
in comparison with commercial cellulase enzyme, CelluClast 1.5 L.
Previously, a few IL stable cellulases derived from metagenome and
from culturable microbes such as Enterobacter lignolyticus, Penicillium
janthinellum, Thermotoga maritime, Pyrococcus horikoshii, and Fusarium
oxysporum have been identiﬁed and reported [11,12]. In this study,
CMCase of MSL2 retained activity to 88.2% and 77.7% in 0.5 M and 1 M
[C2mim][OAc], which was higher than that of commercial cellulase,
CelluClast 1.5 L (Fig. 5). Comparing to other studies, MSL2 has
comparable tolerance to IL, for example, CMCase from Paenibacillus
tarimensis and Aspergillus terreus UniMAP AA-6 can retain N80%
and N60% activity in 20% concentration (~1.2 M) of [C2mim][OAc] [30,
31], or Aspergillus fumigatus has N50% activity in 30% concentration
(~1.8 M) of [C2mim][OAc] [12] suggesting that CMCase of MSL2 is a
potential IL-tolerance enzyme.
5. Conclusion
In this report, MSL2 isolate was screened by using congo red plate
assay from a total 200 isolates of bacteria collected from the local
rice paddy ﬁelds in Thailand. The clear zone observed on the
stained plate indicated that MSL2 secreted cellulase to extracellular
compartment. From the screening experiment, MSL2 showed the
highest global cellulase activity (as the FPU), and the second-highest
of CMCase activity, therefore it was selected as the best candidate of
cellulase-producer of our collection. Cellulase of MSL2 was puriﬁed
and characterized to ﬁnd the speciﬁc hydrolysis activities with
different types of substrates. CMCase fraction of MSL2 was identiﬁed
to be endoglucanase by using LC-MS/MS analysis. The optimum
conditions and kinetic properties of enzyme hydrolysis were studied
which could be later used as information for future studies. Our efforts
here to identify IL-tolerant property of MSL2 cellulase for application in
one-pot process that incorporates pretreatment and sacchariﬁcation,
lead to the development of new technology for lignocellulosic
bioreﬁneries. The enzyme reported in this study can be developed
and applied in this technology in the future.
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